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ABSTRACT 

This memorandum is a collection of data concerning 
the launch countdown preparations, launch countdown, and 
flight phases of the Apollo 8 mission. 

Included are descriptions of SV preparations com- 
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figurations just prior to entering the 102-hour launch 
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SUBJECT: AS-503/CSM 103 (Apol lo  8 )  
Launch P r e p a r a t i o n s ,  
Launch Countdown, and 
F l i g h t  Sequence o f  Events  
Case 320  

MEMORANDUM FOR FILE 

DATE: November 2 2 ,  1 9 6 8  

FROM: G .  J .  McPherson Jr. 

1 . 0  I N T R O D U C T I O N  

T h i s  memorandum c o n t a i n s  an  accumula t ion  o f  da ta  con- 
c e r n i n g  t h e  l aunch  p r e p a r a t i o n s ,  l aunch  countdown, and f l i g h t  
p h a s e s  o f  t h e  Apollo 8 mis s ion .  The  data ,  which has been 
e x t r a c t e d  from v a r i o u s  documents* p u b l i s h e d  by MSFC, MSC, and 
KSC i n  s u p p o r t  o f  Apollo 8 ,  i n c l u d e s  o n l y  t h a t  which has  been 

. deemed o f  major  i n t e r e s t  and s i g n i f i c a n c e  by t h e  a u t h o r .  

The purpose  o f  t h i s  memorandum i s  t o  a l l o w  i n c r e a s e d  
f a m i l i a r i z a t i o n w i t h i n  MA o f  t h e  Apol lo  8 m i s s i o n  which has t h e  
f o l l o w i n g  unique a s p e c t s  over  p r e v i o u s  Apollo Program miss i0n .s :  

1. 

2 .  

3 .  

4. 

5 .  

6. 

7 .  
8 .  

9 .  

10. 

f i r s t  manned mis s ion  t o  be  launched  on a 
S a t u r n  V LV 

f i r s t  Block I1 SC t o  b e  launched  on a 
S a t u r n  V LV 

f i r s t  S a t u r n  V launch  countdown i n v o l v i n g  
crew f u n c t i o n s  
f i r s t  Apollo launch  c o n s t r a i n e d  by l u n a r  
l aunch  o p p o r t u n i t y  and l u n a r  l aunch  window 
c o n s i d e r a t i o n s  
f i r s t  S a t u r n  V SV t o  u s e  a s p l i t  CDDT ( w e t /  
d r y )  for countdown rehearsal  
f i r s t  S-IVB t o  u t i l i z e  t h e  H2/02 g a s  b u r n e r  
f o r  p r o p e l l a n t  t a n k  r e p r e s s u r i z a t i o n  p r i o r  
t o  eng ine  r e s t a r t  
f i r s t  l u n a r  o r i e n t e d  m i s s i o n  f o r  an  Apollo SC 
f i r s t  S-IVB t o  b e  i n j e c t e d  i n t o  a l u n a r  
I t  s 1 i n g s  ho t " t r a j  e c t o r y  
f i r s t  S a t u r n  V t o  b e  f lown w i t h  open-loop 
PU s y s t e m s  (S-I1 and S-IVB) 
f i r s t  S a t u r n  SV t o  u t i l i z e  f lyaway SLA p a n e l s  

*See Refe rences .  
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2.0 PREPARATIONS FOR LAUNCH COUNTDOWN PHASE 

S V  p r o c e s s i n g  a c t i v i t i e s  f o r  AS-503/CSM 1 0 3  w i l l  b e  
similar t o  AS-502/CSM 020 i n  t h a t  t h e  CDDT w i l l  b e  t h e  l as t  
major  t e s t  e v e n t  p r i o r  t o  s t a r t i n g  t h e  l aunch  countdown p h a s e ,  
It w i l l  n o t ,  however, be used t o  pe r fo rm a c t u a l  countdown 
p r e p a r a t i o n s  t o  t h e  e x t e n t  i t  was on Apo l lo  4 s i n c e  t h e  two 
e v e n t s  a re  n o t  p lanned  t o  o c c u r  "back-to-back." T h i s  r e s u l t e d  
from i n s e r t i n g  a p lanned  s l a c k  p e r i o d  (:4 d a y s )  a f t e r  com- 
p l e t i o n  o f  t h e  CDDT t o  a c q u i r e  added c o n f i d e n c e  i n  " launching-  
on-dbte." It i s  in t ended  t h a t  t h i s  b u i l t - i n  con t ingency  
t i m e  would be c a p a b l e  o f  a b s o r b i n g  any d e l a y s  r e s u l t i n g  from 
pad t e s t i n g  and  s t i l l  a l l o w  t h e  f i r s t  a t tempted T-0 t o  o c c u r  
a t  t h e  opening  of t h e  f i r s t  window w i t h i n  t h e  Apollo 8 l a u n c h  
o p p o r t u n i t y .  

F i g u r e  1 r e f l e c t s  t h e  major  pad a c t i v i t i e s  p l anned  
f o r  AS-503/CSM 1 0 3  commencing w i t h  t h e  FRT and c o n t i n u i n g  
t h r o u g h  t h e  l aunch  countdown. The FRT w i l l  consume t h r e e  days  
o f  pad s c h e d u l e  f o r  t h e  a c t u a l  t e s t  w i t h  a n o t h e r  two days 
( n o n - s e r i a l )  r e q u i r e d  f o r  data e v a l u a t i o n .  

Subsequent  t o  t h e  FRT s i m u l a t i o n s ,  b u t  i n  p a r a l l e l  
w i t h  FRT data e v a l u a t i o n ,  SV h y p e r g o l i c  l o a d i n g  p r e p s  w i l l  
commence. Assuming t h a t  FRT data e v a l u a t i o n  v e r i f i e s  Apol lo  8 
i s  r e a d y  f o r  l aunch ,  h y p e r g o l i c  l o a d i n g  w i l l  immediately 
f o l l o w  comple t ion  o f  t h e  l o a d i n g  p r e p s .  

Upon comple t ion  o f  SV h y p e r g o l i c  l o a d i n g ,  S - I C  RP-1  
l o a d i n g  w i l l  commence i n  p a r a l l e l  w i t h  SC p r e p a r a t i o n s  f o r  
CDDT. A s  soon as RP-1 has been  l o a d e d ,  t h e  F-1 e n g i n e  main 
f u e l  v a l v e  leak checks w i l l  b e  per formed.  The SV i s  now r e a d y  
t o  e n t e r  t h e  CDDT. 

The CDDT f o r  A p o l l o  8 w i l l  b e  ve ry  s imi l a r  t o  t h a t  
per formed on Apollo 7 (AS-205/CSM 101). The CDDT w i l l  c o n s i s t  
o f  two d i s t i n c t  e x e r c i s e s ,  t h e  f i r s t  b e i n g  a "wet" t es t  and 
countdown rehearsal  w i t h o u t  f l i g h t  crew p a r t i c i p a t i o n ;  t h e  
second w i l l  be  a n  a b b r e v i a t e d  countdown i n c l u d i n g  f l i g h t  
crew p a r t i c i p a t i o n  a t o p  a " d r y "  LV. 

The two C D D T ' s  w i l l  be  schedu led  back-to-back w i t h  
T-0 for t h e  d r y  t e s t  scheduled  t o  o c c u r  2 4  hour s  a f t e r  t h e  
w e t  T-O.* Table  1 l i s t s  some of t h e  more s i g n i f i c a n t  hard- 
ware and p r o c e d u r a l  d i f f e r e n c e s  between t h e  two CDDT 
e x e r c i s e s .  F i g u r e  2 p r o v i d e s  a t i m e l i n e  o f  major a c t i v i t i e s  
d u r i n g  t h e  CDDT phase.  

*A s l i p  i n  t h e  wet T-0 w i l l  n o t  n e c e s s a r i l y  mean a 
c o r r e s p o n d i n g  s l i p  i n  t h e  d r y  T-0. The wet T-0 w i l l  be  
p l anned  for t he  same time-of-day as l aunch  T-0. 
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Upon comple t ion  o f  t h e  d r y  CDDT,  t h e  MSS w i l l  be 
r e t u r n e d  t o  t h e  pad and t h e  S V  d e c o n f i g u r e d  from CDDT. 
F i n a l  LV and SC preparations/inspections w i l l  t h e n  b e  pe r -  
formed p r i o r  t o  t h e  SV e n t e r i n g  t h e  p lanned  s l a c k  p e r i o d  
f o r  launch-on-date c o n s i d e r a t i o n s .  

The s l a c k  p e r i o d  which cou ld  be as l o n g  as seven  
d a y s  i n  d u r a t i o n  ( p r o v i d i n g  none o f  i t  has been used  t o  
a b s o r b  p r i o r  d e l a y s )  w i l l  b e  a p e r i o d  o f  m o n i t o r i n g  and  
minimum a c t i v i t y .  A t  t h e  comple t ion  o f  t h e  h o l d  p e r i o d ,  t h e  
102-hour l a u n c h  countdown phase w i l l  commence.* 

3 . 0  LAUNCH WINDOW AND LAUNCH WINDOW CONSTRAINTS 

Apol lo  8 w i l l  be t h e  f i r s t  Apol lo  S V  t o  b e  launched  
w i t h i n  t h e  c o n s t r a i n t s  o f  a l u n a r  l a u n c h  o p p o r t u n i t y  and 
l u n a r  l a u n c h  windows. Although t h e  l u n a r  l a u n c h  o p p o r t u n i t y  
f o r  Apol lo  8 d u r i n g  t h e  month o f  December opens on t h e  2 0 t h  
and c l o s e s  on t h e  2 7 t h ,  t h e  2 0 t h  was d i s c a r d e d  as t h e  f i r s t  
window because  o f  launch/ recovery  area l i g h t i n g  c o n s t r a i n t s .  
Should i t  become n e c e s s a r y  t o  de l ay  t h e  l aunch  a t t e m p t  u n t i l  
J a n u a r y ,  a co r re spond ing  l u n a r  o p p o r t u n i t y  would b e  a v a i l a b l e  
between t h e  1 8 t h  and t h e  2 4 t h .  

F i g u r e  3 p rov ides  a g r a p h i c  view o f  t h e  o v e r a l l  
l a u n c h  o p p o r t u n i t y ,  t h e  seven approved l a u n c h  windows w i t h i n  
t h e  o p p o r t u n i t y ,  and t h e  time-of-day (EST)  v s  l aunch  az imuth  
t h r o u g h o u t  each  window. 

The December l aunch  o p p o r t u n i t y  i s  l i m i t e d  t o  t h e  
t o t a l  number of  days  ( l aunch  windows) which s a t i s f y  t h e  f o l l o w i n g  
l a u n c h  window c r i t e r i a :  

1. l a u n c h  az imuths  must b e  between 72' and 108O 

2 .  must a l l o w  a f r e e - r e t u r n  c i r c u m l u n a r  t r a j e c t o r y  

3. must p r o v i d e  a c c e p t a b l e  l i g h t i n g  w i t h i n  t h e  
APollo zone and a l l o w  P a c i f i c  Ocean i n j e c t i o n  

4 .  must be a d a y l i g h t  l a u n c h  (between 30 minu tes  
p r i o r  t o  s u n r i s e  and 30 minu tes  a f t e r  s u n s e t )  

*Launch countdown p recoun t  o p e r a t i o n s  may commence d u r i n g  
t h e  s l a c k  p e r i o d  as added a s s u r a n c e  f o r  a r r i v i n g  a t  T-0 a t  t h e  
s c h e d u l e d  t i m e .  
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The p l o t s  of F igu re  3 i n d i c a t e  t h e  open ing  and 
c l o s i n g  o f  each  of t h e  seven December l aunch  windows as 
de te rmined  from combining t h e  f i r s t  th ree  c o n s t r a i n t s  w i t h  a 
p a r t i c u l a r  t a r g e t  s i t e  w i t h i n  t h e  Apol lo  zone. The shaded 
areas on e i t h e r  s i d e  o f  t h e  f i g u r e  r e f l e c t  t h e  e f f e c t s  o f  t h e  
f o u r t h  c o n s t r a i n t  which would r e q u i r e  a n  e a r l y  c l o s i n g  o f  t h e  
windows o f  December 25, 2 6 ,  and 27. 

S i n c e  t h e  Apol lo  8 l aunch  w i l l  b e  t a rge t ed  for t h e  
open ing  o f  t h e  f i r s t  window w i t h i n  t h e  December l a u n c h  oppor- 
t u n i t y ,  T-0 i s  a n t i c i p a t e d  t o  o c c u r  a t  0751 h o u r s  EST on 
December 2 1 ,  1968. 

4 . 0  L A U N C H  COUNTDOWN PHASE 

The l a u n c h  countdown phase  f o r  t h e  Apo l lo  8 m i s s i o n  
i s  1 0 2  hour s  i n  d u r a t i o n  e x c l u d i n g  t h e  p l anned  6-hour b u i l t - i n  
h o l d  a t  T-9 h o u r s .  The countdown phase c o n s i s t s  o f  two d i s t i n c t  
p e r i o d s  o f  a c t i v i t y :  

T-102 hour s  t o  T-28 hours--precount  a c t i v i t i e s  

T-28 hour s  t o  T-0 hours--countdown 

Based on a l annch  window opening  t i m e  o f  0751 hour s  
EST,  p r e c o u n t  a c t i v i t i e s  must b e  i n i t i a t e d  no l a t e r  t h a n  1951 
h o u r s  EST on L-5 day .  Assuming none o f  t h e 6 - h o u r  b u i l t - i n  
h o l d  has been used  by  T-28 h o u r s ,  t he  countdown would b e  
i n i t i a t e d  a t  2151 hour s  EST on L-2 day .  

The 28-hopr countdown commences w i t h  opening  t h e  pad 
f o r  a c c e s s  subsequent  t o  complet ion of  SC c r y o g e n i c  s e r v i c i n g .  
F i g u r e  4 p r o v i d e s  t h e  t i m e l i n e s  f o r  t h e  ma jo r  SV a c t i v i t i e s  
d u r i n g  t h e  l aunch  countdown phase.  Refe rence  shou ld  b e  made 
t o  T a b l e  2 which p r c v i d e s  s i g n i f i c a n t  c o n f i g u r a t i o n  i n f o r m a t i o n  
f o r  AS-503/CSM l o 3  and LC-39 j u s t  p r i o r  t o  e n t e r i n g  t h e  1'22- 
hour  l a u n c h  countdown phase .  

Tab le  3 r e f l e c t s  t h e  nominal  sequence  o f  e v e n t s  f o r  
t h e  l a u n c h  countdown and f l i g h t  phases o f  Apo l lo  8 .  Although 
t h e  times i n d i c a t e d  have been e x t r a c t e d  from t h e  most 
r e c e n t  i s s u e s  of  t h e  r e f e r e n c e d  documents,  t h e y  a re  n o t  t o  be  
c o n s t r u e d  as t h e  o f f i c i a l  nominal t imes f o r  t h e  Apollo 8 
m i s s i o n  u n l e s s  v e r i f i e d  as b e i n g  c u r r e n t l y  a c c u r a t e  w i t h  t h e  
a u t h o r i t a t i v e  M S C ,  MSFC, and K S C  p a r t i e s .  

5 . 0  HOLD CAPABILITIES W I T H I N  THE LAUNCH COUNTDOWN 

The h o l d  c a p a b i l i t i e s  w i t h i n  t h e  l a u n c h  countdown 
are  dependent  upon t h e  T - t i m e  a t  which t h e  h o l d  i s  i n i t i a t e d .  
The h o l d  c a p a b i l i t i e s  f o r  t h e  Apol lo  8 l a u n c h  countdown are  
shown i n  Tab le  4 .  
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6 . 0  SCRUB TURNAROUND TIME 

- 5 -  

The s c r u b  turnaround t ime i s  a l s o  dependent  upon 
t h e  T - t i m e  of s c r u b  i n i t i a t i o n .  The p r o j e c t e d  sc rub- tu rna round  
times f o r  t h e  Apollo 8 mis s ion  are shown i n  T a b l e  5 .  

2032-GJM-gmp 

Attachments  
F i g u r e s  1-11 
T a b l e s  1-5 

*%* G .  J .  McPherson Jr. 
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TABLE 1 

APOLLO 8 "WET" AND "DRY" CDDT - SIGNIFICANT DIFFERENCES 

Item Wet Dry 

LV Propellants 

RP-1 

L02 ] 
LH2 

already on board already on board 

will not be loaded - will be loaded 
during the countdown 

S-IVB Hypergolics already on board already on board 

SC Propellants 

Hypergolics 

LV Pressurants 

SC Pressurants 

LV Ordnanee 

SC Ordnance 

Flight Crew 

already on board already on board 

will be serviced dur- will not be serviced 
ing countdown, pro- 
pellant tanks will 
be pressurized to 
flight pressures as 
part of auto sequence 

will not be serviced will not be serviced 

inert and/or inert and/or expended 
expended ordnance ' lordnance still 
will be installed installed from wet 
at the noma1 CDDT 
countdown times 

light ordnance will light ordnance still 
be connected and installed from wet 
remain so through CDDT 
launch, heavy ord- 
nance will not be 
rehearsed 

- 

will not - participate will perform all 
preps practical 
and ingress at normal 
countdown time 
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Item Wet Dry  

SC Cryogenics  

F u e l  Cel ls  

CM Cabin 

.- 
MSS 

P r i m a r y  damper 

Count down 
Termina t ion  

& - b a l l  Cover 

w i l l  b e  r e t r a c t e d  t o  
t h e  12' p o s i t i o n  a t  
T-43 minu tes ;  f u l l  
r e t r a c t  w i l l  be  
i n i t i a t e d  from t h e  
LCC at  T-5 minu tes  

w i l l  b e  l oaded  du r -  
i n g  t h e  countdown 
and unloaded imme- 
d i a t e l y  ( p a r t i a l  
LO2 load  w i l l  b e  

l e f t  on f o r  ECS 
usage  d u r i n g  t h e  
d r y  CDDT)  

w i l l  n o t  be 
a c t i v a t e d  

CM h a t c h  and BPC -. 

w i l l  b e  c l o s e d  o u t  
p r i o r  t o  LV c r y 0  
l o a d i n g ,  c a b i n  w i l l  
n o t  be p r e s s u r i z e d  

w i l l  b e  moved t o  
t h e  pa rk - s i t e  a t  
t h e  nominal count -  
down t i m e  and w i l l  
remain t h e r e  u n t i l  
a f t e r  t h e  RF 
c o m p a t i b i l i t y  t e s t s  

w i l l  be  r e t r a c t e d  

c u t o f f  w i l l  o ccu r  a t  
T-8.9 seconds  ( t i m e  
f o r  i g n i t i o n ) d u e  t o  
i g n i t i o n  f a i l u r e  

w i l l  n o t  be removed 
s i n c e  c u t o f f  o c c u r s  
p r i o r  t o  i s s u a n c e  
of t h e  i g n i t i o n  
command 

- 

w i l l  be  r e t r a c t e d  t o  
t h e  12'  p o s i t i o n  a t  
T-43 minu tes  and 
t h e n  immediately 
r e c o n n e c t e d  f o r  t h e  
d u r a t i o n  of  t h e  t e s t  

w i l l  not be  l o a d e d ,  
p a r t i a l  LO2 l o a d  
a l r eady  on board  
from t h e  wet CDDT 

w i l l  & be  a c t i v a t e d  

w i l l  be c l o s e d  o u t  
a t  normal  countdown 
t imes  and p r e s s u r i z e d  
w i t h  60/40 m i x t u r e  

w i l l  be  r e t u r n e d  
t o - t h e  pad u n t i l  
a f t e r  t h e  RF com- 
p a t i b i l i t y  t e s t s  a re  
comple te  

w i l l  n o t  be  r e t r a c t e d  - 
LV w i l l  t e r m i n a t e  t h e  
minus count  a t  T-4 
m i n u t e s ,  SC w i l l  
c o n t i n u e  t o  s i m u l a t e d  
T-0 

w i l l  n o t  be  removed 
s i n c e  t h e  countdown 
i s  t e r m i n a t e d  p r t o r  
t o  e n t e r i n g  t h e  
t e r m i n a l  count  
sequence  

- 
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Item Wet Dry 

Pos t  T e s t  S-I1 LH2 v e n t  v a l v e  
c r y o  t e s t  w i l l  corn- 
mence a f t e r  terrni- 
n a t i o n  o f  t h e  minus 
coun t ;  LV c r y o s  
unload w i l l  s t a r t  
concur ren t  w i t h  
t h e  vent  v a l v e  t e s t ;  
S / A  1 w i l l  b e  d i s -  
connected and 
r econnec ted  d u r i n g  
t h e  S-IC unload  
o p e r a t  i o n  

RF c o m p a t i b i l i t y  t e s t  
w i l l  commence a f t e r  
t e r m i n a t i o n  of  t h e  
minus c o u n t ;  f l i g h t  
crew e g r e s s  w i l l  t h e  
o c c u r  w h i l e  t h e  MSS 
i s  r e t u r n i n g  t o  t h e  
Pad 

n 
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TABLE 2 

APOLLO 8 SV AND LAUNCH FACILITY CONFIGURATION 
AT T-102 : 00: 00 

Structural and Facility 

Space Vehicle stacked (S-IC, S-11, S-IVB, IU, SLA, 
LTA-B, SM, CM, and LES) 

Space Vehicle "buttoned up" except for access required 
during the launch countdown phase 

MSS in place at the launch pad and all platforms 
closed 

Auxiliary damper connected 

Primary damper disconnected 

Q-ball cover on 

All service arms in place and tips extended 

Flame deflector in place 

Tail service masts and all umbilical carriers connected 

ESP and ML zero level platforms raised 

Air conditioning and normal purge being supplied to 
the SC and LV 

Propellants and Pressurants Loaded 

S-IC RP-1 (102%) 

S-IVB Hypergolics 

SC Hypergolic s 

S-IVB APS Helium (250 psi) 



BELLCOMM, INC. 

Ordnance I n s t a l l e d  

A l l  LV l i n e a r  shaped cha rges  and c o n f i n e d  d e t o n a t i n g  
f u s e s *  

S-IC r e t r o r o c k e t s "  

S - I1  u l l a g e  r o c k e t s "  

S-I1 r e t r o r o c k e t s *  

S-IC/S-I1 s e p a r a t i o n  assembly*  

S-I1 second p l a n e  s e p a r a t i o n  a s sembly*  

S- IVB u l l a g e  r o c k e t s "  

S-IVB u l l a g e  r o c k e t  j e t t i s o n  s y s t e m *  

S - I I / S - I V B  s e p a r a t i o n  assembly* 

LES motors"  

LES j e t t f s o n  motors*  

LES p i t c h  c o n t r o l  motors and c a n a r d  dep loy  assembly* 

A l l  CSM ordnance  ( connec ted )  

A l l  SLA ordnance  except  SM/LM adapter i n i t i a t o r s  
( s e p a r a t e s  CSM from SLA and a c t i v a t e s  SLA p a n e l s )  

E l e c t r i c a l  

LV and SC powered-down 

F u e l  c e l l s  n o t  a c t i v a t e d  

LV b a t t e r i e s  n o t  i n s t a l l e d  

CM ba t t e r i e s  n o t  i n s t a l l e d  

RF and TM 

F l i g h t  code p l u g s  n o t  i n s t a l l e d  i n  t h e  Range S a f e t y  
d e c o d e r s  - 

* I n i t i a t o r s / d e t o n a t o r s  a r e  n o t  i n s t a l l e d  
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TABLE 3 

APOLLO 8 SV NOMINAL SEQUENCE OF EVENTS* 

T-TIME ( h r s : m i n : s e c )  

T-102:00:00 
T-101: 00 : 00 

T-100: 45: 00 
T-100 : 00: 00 

T-98: 30 : O O  

T-95:00:00 

T-94 : 30 : 00 

T-87: 15: 00 

T-87:OO:OO 

T-86: 30 : 00 

T-86:15:00 
T-86:00:00 

EVENT 

S t a r t  SC GSE and SC power-up 
SC GSE and SC power-up complete  
S t a r t  SC water s e r v i c i n g  
S t a r t  f u e l  c e l l  sys tem p r e p a r a t i o n s  
S t a r t  S- I1  u m b i l i c a l  v e r i f i c a t i o n s  
S t a r t  S-I1 e n g i n e  cove r  removal  
S t a r t  TSM mechanica l  p r e p s  
F u e l  c e l l  s y s t e m  p r e p a r a t i o n s  

S t a r t  f u e l  c e l l  p r e s s u r i z a t i o n  
F u e l  c e l l  p r e s s u r i z a t i o n  complete  
SC GSE power-down 
I U  power-up 
LSE power-up 
S - I1  u m b i l i c a l  v e r i f i c a t i o n s  

complete  
S-I1 and S-IVB power-up 
S t a r t  S-I1 and S-IVB PU t a n k  

pu rge  and sampl ing  
S- I1  e n g i n e  c o v e r  removal  complete  
S t a r t  S- IVB h y d r a u l i c  sys tem 

f u n c t i o n a l s  
S-IC power-up 
S-IVB h y d r a u l i c  sys tem f u n c t i o n a l s  

complete  
TSM mechanica l  p r e p s  comple te  
S- I1  and S-IVB PU t a n k  pu rge  and 

LSE power-down 
S-11, S-IVB, and I U  power-down 
S t a r t  i n s t a l l a t i o n  F-1 e n g i n e  ordnance  

complete  

sampl ing  complete  

*The SV p l u s  t i m e  nominal sequence  of  e v e n t s  i s  based on a 

Notes a t  t h e  end of this s e c t i o n  d e f i n e  t h e  
l aunch  on December 2 1 ,  1968 a t  an  az imuth  of  72' w i t h  TLI a t  t h e  
f i r s t  o p p o r t u n i t y .  
p o s s i b l e  v a r i a n c e s  f o r  o t h e r  l aunch  d a t e s / a z i m u t h s  and 2nd 
o p p o r t u n i t y  TLI. 
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T-TIME ( h r s : m i n : s e c )  
T-85: 30: 00 
T-82 : 00 :  00 

T-81: 0 0 :  00 

T- 8 0  : 50 : 0 0  

T-80 : 30 : 00 

T-80: 15 : O O  

T - 6 6 : 0 0 : 0 0  

T-62 :00 :00  
T-61: 30 : 00 

EVENT 

MCC/CSM 01s communication check 
SC w a t e r  s e r v i c i n g  comple te  
S C  power-down 
F-1 e n g i n e  o rdnance  i n s t a l l a t i o n  

complete  
S-I1 and I U  power-up 
S-IVB power-up 
S ta r t  SC heavy o rdnance  c o n n e c t i o n  
LSE power-up 
S t a r t  LV i n i t i a t o r / d e t o n a t o r  

i n s  t a1 l a t  i on/connec t i on 
Perform LV S&A f u n c t i o n a l s  
LV i n i t i a t o r / d e t o n a t o r  i n s t a l l a t i o n /  

S-IC, S-11, S-IVB, and I U  power-down 
LSE power-down 
SC heavy ordnance  c o n n e c t i o n  comple t e  
LES remote r e s i s t a n c e  checks  
S t a r t  SC GSE and SC power-up 
SC GSE and S C  power-up comple te  
S t a r t  SC he l ium s e r v i c i n g  p r e p s  
S C  he l ium s e r v i c i n g  p r e p s  comple te  
S t a r t  SC he l ium s e r v i c i n g  
SC he l ium s e r v i c i n g  comple te  
S t a r t  S C  he l ium l i n e  d i s c o n n e c t  
SC he l ium l i n e  d i s c o n n e c t  comple te  
S t a r t  SC h y p e r g o l i c  ven t  l i n e  

MCC/LV 01s communication check 
SC h y p e r g o l i c  v e n t  l i n e  d i s c o n n e c t  

S t a r t  S-I1 PU s y s t e m  megger checks  
Star t  SC m e c h a n i c a l  b u i l d u p  
S ta r t  S-IVB PU sys tem megger checks  
LSE power-up 
S-IC, S-11, and I U  power-up 
Star t  S-IC p r o p u l s i o n  s y s t e m  

Star t  S-IC CALIPS t e s t  
Star t  S-I1 e n g i n e  s e q u e n t i a l  t e s t  

c o n n e c t i o n  comple t e  

d i s c o n n e c t  

c omp l e t  e 

f u n c t i o n a l  t e s t  
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T-TIME ( h r s : m i n : s e c )  
T-6 1 : 00 : 00 

T-60: 45: 00 

T-57: 30: 00 

T-57: 00 :  00 

T-56: 46 : 00 
T-56:30:00 
T-56: 00 : 00 

T-55 : 45 : 00 
T-54 : 00 : 00 

- T-3-3 - 

EVENT 
S-IVB power-up 
Star t  S-IVB p r o p u l s i o n  sys tem 

Star t  S-I1 PU s y s t e m  f i n a l  c a l i b r a t i o n  
S-IC p r o p u l s i o n  sys tem f u n c t i o n a l  

Star t  LV f l i g h t  code p l u g  i n s t a l l a t i o n  

f u n c t i o n a l  check 

t e s t  comple te  

Star t  S/A p r e s s u r i z a t i o n  t e s t s  
Star t  TSM p r e s s u r i z a t i o n  t e s t s  
S ta r t  SC b a t t e r y  ( e n t r y ,  p y r o ,  and 

p o s t  l a n d i n g )  i n s t  a l l a t  i o n / c o n n e c t  i o n  
Star t  S- IVB PU sys tem f i n a l  c a l i b r a t i o n  
S- IVB p r o p u l s i o n  s y s t e m  f u n c t i o n a l  

S-IC CALIPS t e s t  complete  
Star t  S-IC pneumat ic  s y s t e m  f u n c t i o n a l  

LV f l i g h t  code p l u g  i n s t a l l a t i o n  

LV/GSE DRSCS c l o s e d  loop  checks  
S-I1 e n g i n e  s e q u e n t i a l  t e s t  comple t e  
A c t i v a t e  S-IC, S-11, S- IVB and  I U  

LV/Range DRSCS c l o s e d  loop  checks  
S-IVB PU sys t em f i n a l  c a l i b r a t i o n  

S-IC pneumat ic  sys tem f u n c t i o n a l  

S t a r t  S- IVB PU f a c i l i t y  i n t e r f a c e  

S-IC power-down 
S- IVB and I U  power-down 
S-IVB PU f a c i l i t y  i n t e r f a c e  check 

S- I1  PU sys t em f i n a l  c a l i b r a t i o n  

Start S-I1 PU f a c i l i t y  i n t e r f a c e  

S ta r t  S C  c r y o  GSE p r e p s  
TSM and S/A p r e s s u r e  t e s t s  comple te  
S - I1  PU f a c i l i t y  i n t e r f a c e  check 

check  comple te  

t e s t  

comple te  

f l i g h t  b a t t e r i e s  

c omp 1 e t  e 

t e s t  comple te  

check 

comple t e  

c omp 1 e t  e 

check  

comple te  
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T-TIME (hrs:min:sec) 

T-38: 3 0 :  00 

T-36 : 30 : 0 0  

T-34:30:00 
T-33:00:00 
T-31: 00 : 00 

T-30:00:00 

- T-3-4 - 

EVENT 

S-I1 PU system functional test 
S-I1 power-down 
LSE power-down 
SC mechanical buildup complete 
Start S-IC film camera system (FCS) 

SC cryo GSE preps complete 
LSE power-up for launch 
Start fuel cell activation 
Disconnect E/C from SC for BPC 

S-IC power-up 
S-IC FCS installation complete 
Start S-IVB APS gas removal 
Start S-IC FCS ordnance 
installation/connection 

Start F-1 engine hypergol 
cartridge installation 

F-1 engine hypergol cartridge 
ins t a1 1 at i on c omp let e 

S-IVB APS gas removal complete 
Reconnect E/C to SC 
S-IC FCS ordnance installation/ 

S-IC power-down 
Fue l  cell activation complete 
SC battery installation/ 

connect ion complete 
Start SC LH2 servicing 
SC LH2 servicing complete 
Start SC LQ2 servicing 
S C  LO2 servicing complete 
Start SC LH2 and LO2 tank 

SC LH2 and LO2 tank pressurization 

Start LV and SC countdown 

installation 

installation 

connection complete 

pressurization 

c omp 1 et e 

activities 
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T-TIME ( h r s : m i n : s e c )  

T - 2 7 : 3 0 : 0 0  

T-25 :  15  : 00 
T - 2 5 : 0 0 : 0 0  

T-23:  3 0 :  0 0  

EVENT 

S t a r t  I U  b a t t e r y  i n s t a l l a t i o n  
S t a r t  S - IVB a f t  b a t t e r y  

S t a r t  S- I1  b a t t e r y  i n s t a l l a t i o n /  

S t a r t  S-IC b a t t e r y  i n s t a l l a t i o n  
S t a r t  SC c r y o  GSE removal 

i n s t  a l l a t  i o n  

c o n n e c t i o n  

I U  b a t t e r y  i n s t a l l a t i o n  comple te  
S t a r t  S-IVB forward  b a t t e r y  

S t a r t  SC couch i n s t a l l a t i o n  
i n s t a l l a t  i o n  

Lower ESP 
S-IVB a f t  b a t t e r y  i n s t a l l a t i o n  

S-IC and I U  power-up 
S-I1 Power-up 
S-IVB rorward  b a t t e r y  i n s t a l l a t i o n  

c omp 1 e t e 
S t a r t  S-IC and I U  b a t t e r y  

c o n n e c t i o n  
P r e s s u r i z e  S-IC c o n t r o l ,  pu rge ,  

camera e j e c t ,  and  c o l d  he l ium 
s p h e r e s  t o  1 5 0 0  p s i  

b a t t e r y  c o n n e c t i o n  

c omp 1 e t e 

S t a r t  S-IVB forward  and a f t  

S-IVB power-up 
S-IC b a t t e r y  i n s t a l l a t i o n /  

SC c r y o  GSE removal  complete  
Open MSS p l a t f o r m  2 

I U  b a t t e r y  c o n n e c t i o n  complete  
SC couch i n s t a l l a t i o n  complete  
S t a r t  S-IVB vacuum j a c k e t e d  

LV/SC hand- c o n t r o l l e r  checks  
S-IVB b a t t e r y  connec t ion  complete  
S-I1 b a t t e r y  i n s t a l l a t i o n /  

conne c t i o n  c omp l e t  e 

c o n n e c t i o n  complete  

l i n e  checks  

S t a r t  TSM p reps  f o r  l aunch  
S t a r t  S / A  p r e s s u r i z a t i o n  f o r  

l a u n c h  
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T-TIME ( h r s  :min : s e c )  
T-22:15:00 

T-22:00:00 
T-21:45:00 
T-21:30:00 
T-21: 15 : 00 
T-21:00:00 

T-20:25:00 
T-20:15:00 
T-20:00:00 
T-19 : 30 : 00 
T-19 : 25: 00 
T-19 : 00 : 00 
T-17: 30 : 00 
T-17 : 15: 00 
T-16: 15: 00 

T-16: 0 0 :  00 
T-15: 45: 00 

T-15 : 20 : 00 

T-15: 00 Z O O  

T-13 : 00 : 00 
T-12 : 20: 0 0  

T-12 : 15 : 00 

- T-3-6 - 

EVENT 

S t a r t  HDA l aunch  p r e p s  
S t a r t  S-IC RP-1 drop t o  F-1 MFV's 
P r e s s u r i z e  ST-124M s p h e r e  t o  1700 p s i  

Per form LV TM checks 
S-IC RP-I drop t o  F-1 MFV's comple te  
LV power t r a n s f e r  t e s t  
LV f l i g h t  c o n t r o l  g a i n  t e s t  
S/A p r e s s u r i z a t i o n  f o r  l aunch  comple te  
LV/MCC command i n t e r f a c e  t e s t  
TSM l aunch  p r e p s  comple te  
D e p r e s s u r i z e  ST-124M s p h e r e  
S t a r t  SV EDS t e s t  
S t a r t  SC f i n a l  stowage 
SV EDS t e s t  comple te  
Open MSS p l a t f o r m  1 

S t a r t  l ower ing  LUT l e v e l  p l a t f o r m  
Open MSS p l a t f o r m  4 
S/A #6 t i p  r e t r a c t i o n  
LV/Range DRSCS checks (open l o o p )  
LUT l e v e l  p l a t f r r m  lower ing  comple te  
S/A #1 t i p  r e t r a c t i o n  
LV/Range DRSCS checks  ( c l o s e d  l o o p )  
Remove S/A #8 emergency e g r e s s  l a d d e r  
S t a r t  F-1 t h r u s t  chamber p r e f i l l  
Open MSS p l a t f o r m  fs 
S t a r t  Q-ba l l  r e t r a c t  c a b l e  c o n n e c t i o n  
HDA l aunch  p r e s s u r i z a t i o n  comple te  
S/A # 8  t i p  r e t r a c t i o n  
S C  f i n a l  s towage complete  
Q - b a l l  r e t r a c t  c a b l e  connec t ion  comple te  
S t a r t  LV S&A d e v i c e  ordnance  c o n n e c t i o n s  
S t a r t  w h i t e  room door  l o c k  i n s t a l l a t i o n  
LV S&A d e v i c e  ordnance  c o n n e c t i o n s  

S t a r t  f i n a l  LV c l o s e o u t  a c t i v i t i e s  
Open MSS p l a t f o r m  3 

comple t e  

T-12 : 00  : 00 S/A #3  t i p  r e t r a c t i o n  
S / A  #4 t i p  r e t r a c t i o n  
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T-TIME ( h r s : m i n : s e c )  

T-l1:30:00 

T-l1:15:00 

T-10:55:00 
T-10:45:00 

T-10:30:00 

T-10 : 15: 00 

T-10:00:00 
T-9: 30: 00 

T-9: 00 Z O O  
t 

HOLD 

T-8: 59 Z O O  

T-8: 15: 00 

T-8: 10: 00 

T-8: 0 0 :  00 

EVENT 

S / A  #3 r e t r a c t i o n  
S t a r t  SC backup crew checks  
White room door  l o c k  

Disconnect  a u x i l i a r y  damper 
A u x i l i a r y  damper d i s c o n n e c t i o n  

J a c k  MSS 
S/A #7 t i p  r e t r a c t i o n  
S / A  #5 t i p  r e t r a c t i o n  
S / A  # 2  t i p  r e t r a c t i o n  
S t a r t  MSS move t o  p a r k - s i t e  
Connect p r i m a r y  damper 
S t a r t  ESP t r a n s p o r t e r  move t o  

l a u n c h  p o s i t i o n  
S t a r t  TSM f i n a l  l a u n c h  p r e p s  
SC A/G v o i c e  checks  
TSM f i n a l  l aunch  p r e p s  comple te  
& - b a l l  cove r  r e t r a c t  s y s t e m  

SC backup crew checks  complete  
P r e s s u r i z e  ST-124 sphere  t o  

S t a r t  of b u i l t - i n  h o l d  

i n s t a l l a t i o n  comple te  

comple te  

p r e p s  complete  

1 7 0 0  p s i  

End of b u i l t - i n  h o l d  
A r m  HDA e x p l o s i v e  re lease 
Close  CM and BPC h a t c h  
P r e s s u r i z e  ST-124M sphere t o  

Clear pad f o r  LV c r y 0  l o a d i n g  

ESP t n a n s p o r t e r  a t  l a u n c h  
p o s i t i o n  

P r e s s u r i z e  S-I1 r e c i r c u l a t i o n  
sphere  t o  3000 p s i  

P r e s s u r i z e  S- I1  e n g i n e  he l ium 
s p h e r e s  t o  3000 p s i  

P r e s s u r i z e  S-IC p u r g e ,  c o n t r o l ,  
and camera e j e c t  spheres  t o  
3200 p s i  

S t a r t  LO2 f a c i l i t y  ch i l l down  

3000 p s i  
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T-TIME ( h r s : m i n : s e c )  

T-7: 50 :  00 
T-7 :28 :  00 
T-7 : 04 : 00 

T-7: 00:  00 

T-6 : 38: 00 
T-6 9 7  : O O  

T-4 :57:00 

T-3 : 2 8  : 00  

T-3 : 13 : 00 

T-3 : 10 : 00 

T-2 : 40 : 00 

EVENT 

Close  S - I1  LO2 and LH2 p r e v a l v e s  
S t a r t  S-IVB LO2 l o a d i n g  
S-IVB LO2 l o a d i n g  complete  
S t a r t  S- I1  LO2 l o a d i n g  
Open S- I1  LO2 p r e v a l v e s  
P r e s s u r i z e  S-ICB c o l d  he l ium 

s p h e r e s  t o  3100 p s i  
P r e s s u r i z e  S-IVB APS s p h e r e s  

t o  3000 p s i  
P r e s s u r i z e  S-IVB LO2 and LH2 

r e p r e s s u r i z a t i o n  s p h e r e s  t o  
3100 p s i  

P r e s s u r i z e  S-IVB c o n t r o l  s p h e r e  
t o  3100 p s i  

LV/MCC command i n t e r f a c e  t e s t  
S- I1  LO2 l o a d i n g  complete  
S t a r t  S-IC LO2 l o a d i n g  
S-IC LO2 l o a d i n g  comple te  
P r e s s u r i z e  S-IC c o l d  he l ium 

s p h e r e s  t o  3200 p s i  
S t a r t  S- I1  LH2 l o a d i n g  
S- I1  LH2 p r e v a l v e s  open 
S-I1 LH2 l o a d i n g  complete  
S t a r t  S-IVB LH2 l o a d i n g  
S-IVB LH2 l o a d i n g  a t  98% 
LV/Range DRSCS t e s t s  ( c l o s e d  

F l i g h t  crew d e p a r t s  MSO 
S-IVB LH2 l o a d i n g  complete  
R e t r a c t  p r imary  damper 
C loseou t  crew d e p a r t s  p a r k - s i t e  
C loseou t  crew on s t a t i o n  
S t a r t  i n g r e s s  p r e p s  
P r e s s u r i z e  S-IVB e n g i n e  h e l i u m  

s p h e r e  t o  3200 p s i  
I n g r e s s  p r e p s  complete  
F l i g h t  crew a r r i v e s  a t  SC 
S t a r t  f l i g h t  crew i n g r e s s  

l o o p  1 



BELLCOMM, I N C .  - T-3-9 - 

T-TIME ( h r s : m i n : s e c )  

T-2 : 10 : 00 

T-1:  5 0 :  00  

T-1: 4 0 :  00  

T-1: 2 5  Z O O  

T-1:  15 : 00 
T-1:  10: 00 

T-1:  0 5 :  00 
T-1:  00:  00 
T-0:  55: 00 

T-0 3 0 :  00 

T-0 : 4 2  : 00 

T-0: 4 0 :  00  

T-0 : 35 : 00 
T-0: 3 0 :  00  

T-0 : 2 6  : 00 

T-0 : 2 5  : O O  

EVENT 

F l i g h t  crew i n g r e s s  complete  
S t a r t  f l i g h t  crew s u i t  checkout  
F l i g h t  crew s u i t  checkout  complete  
Abort  Advisory System checks  
Close  SC h a t c h  
S t a r t  c a b i n  pu rge  
S ta r t  S V  EDS t e s t  
Cabin pu rge  comple te  
S t a r t  c a b i n  p r e s s u r i z a t i o n  and 

F i n a l  j imsphere  re lease  
SV EDS t e s t  comple te  
S ta r t  Range r e a d o u t  o f  beacon #2  
Cabin p r e s s u r i z a t i o n  and l eak  

check comple te  
Disconnect  SC c a b i n  GSE and 

connec t  dump l i n e  
Close  BPC h a t c h  
F i n a l  w h i t e  room p r e p s  
S t a r t  RP-1 l e v e l  a d j u s t  
LV TM checks  
C loseou t  crew d e p a r t  w h i t e  room 
Range r e a d o u t  o f  beacom #2  

S t a r t  Range r e a d o u t  o f  beacon #1 
LV/MCC command i n t e r f a c e  check 
R e t r a c t  S/A # 9  t o  12O p a r k  

Closeout  crew a r r i v e s  a t  pa rk -  

A r m  LES py ro  b u s e s  
LV/Range DRSCS c l o s e d  l o o p  t e s t  
Pressurize S-IVB APS p r o p e l l a n t  

RP-1 l e v e l  a d j u s t  complete  
LV power t r a n s f e r  t e s t  
P recha rge  POGO s u p p r e s s i o n  

P r e s s u r i z e  SM R C S  tanks 
Range r e a d o u t  o f  beacon #1 complete  
S t a r t  S-1.1 s ta r t  t a n k  ch i l l down  

leak check 

c omp l e t  e 

p o s i t i o n  

s i t e  

t a n k s  

s y s t e m  

T-0 : 2 2  : 00 



BELLCOMM, I N C .  

T-TIME ( h r s : m i n : s e c )  

T-0 : 16  : 00 

T-0 : 15 : 00 

T-0 : 14 : 30 

T-0 : 11 : 00 

T-0 : 10: 00 

T-0 : 08: 00 

T- 0 : 0 5 : 30 

~ - 0 : 0 5 : 0 0  
T-0 : 0 4  : 45 

T-0 :04 :37  
T-0: 0 4 :  30 
T-0 : 0 4 : 00 

T-0 : 0 3  : 06 

T-0 : 02: 51 

T-0 : 02 : 47 

T-0: 02:  32 

T-0 : 01: 42 

- T-3-10 - 

EVENT 

A r m  F-1 i g n i t e r s  
S/C on i n t e r n a l  power 
S t a r t  S-IVB s t a r t  t a n k  ch i l l down  
Terminal  Count Sequencer  power-on 
S - I1  LH2 p r e v a l v e s  c l o s e  
S t a r t  S-IVB t h r u s t  chamber ch i l l down  
Star t  S-IC f u e l  j a c k e t  t o p p i n g  
S t a r t  S-I1 t h r u s t  chamber ch i l l down  
P r e s s u r i z e  S-IC f u e l  t a n k  t o  2 p s i g  

A r m  S&A d e v i c e s  
S-IVB s t a r t  t a n k  p r e s s u r i z a t i o n  
S/A # 9  t o  f u l l  r e t r a c t  p o s i t i o n  
S-IVB LO2 and LH2 p r e v a l v e s  c l o s e  

S-I1 s t a r t  t a n k  p r e s s u r i z a t i o n  
A r m  t e r m i n a l  count  s e q u e n c e r  
Ast ro- launch  c i r c u i t  on VHF and 

I n i t i a t e  f i r i n g  command 
Termina l  Count Sequencer  (TCS) 

F i r i n g  command 
S-I1  LO2 t a n k  p r e p r e s s u r i z a t i o n  

S - I1  LO2 t a n k  v e n t s  c l o s e  

S-I1 LO2 t a n k  p r e p r e s s u r i z a t i o n  
sequence  s ta r t  p l u s  15 s e c s .  

S-I1 LO2 f i l l  and d r a i n  c l o s e  

S- IVB LO2 t a n k  p r e p r e s s u r i z a t i o n  

S-IVB LO2 t a n k  v e n t s  c l o s e  

S-IVB LO2 t a n k  p r e p r e s s u r i z a t i o n  
sequence  s t a r t  p l u s  15  s e c s .  

S - IVB LO2 f i l l  and d r a i n  c l o s e  

S-IC h y d r a u l i c  commit command 

umb i li c a1 

s t a r t  

sequence  s ta r t  

sequence  s ta r t  



BELLCOMM. 1NC. 

T-TIME ( h r s : m i n : s e c )  

T-0 : 0 1  : 37 

T-0 : 01: 2 2  

T-0:01:12 

T-0 : 0 1 : 00 

T-0: 00 :  52, 
T-0: 00 :  50 

T-0 : 00 :  40 

T-0 : 00 : 3 0  

T-0: 00 :  2 2  
T-0 : 0 0 : 20 

T-O : 00 : 16.7 
T-0 : O O :  0 8 . 9  

- T-3-11 - 

EVENT 

S-IC, S - I1  and S-IVB f u e l  t a n k  
p r e p r e s s u r i z a t i o n  sequence  s t a r t  

S-IC, S-I1 and S-IVB f u e l  t a n k  v e n t s  
c l o s e  

S-IC RP-1  f i l l  and d r a i n  c l o s e  
S-I1 and S-IVB LH2 t a n k  p r e p r e s s u r -  

S - IVB LH2 f i l l  and d r a i n  c l o s e  
S-I1 LH2 f i l l  and d r a i n  c l o s e  

S-IC LO2 t a n k  p r e p r e s s u r i z a t i o n  

S-IC LO2 t a n k  v e n t s  c l o s e  
S-IC LO2 f i l l  and d r a i n  c l o s e  

S/A #1 reset  v a l v e  i n h i b i t  command 
Flame d e f l e c t o r  u o o l i n g  water on 
S-IC e n g i n e  c a l o r i m e t e r  pu rge  on 
Power t r a n s f e r  command (S-IC, 21-11, 

S-IC LO2 dome and gas g e n e r a t o r  pu rge  

S-IC f u e l  and LO2 f i l l  and d r a i n  

S- IVB LH2 d i r e c t i o n a l  v e n t  t o  f l i g h t  

S/A #1 r e t r a c t  command 
S/A's 2 ,  3, 4, 5,  6, 7, 8, and TSM 

a u t o  e x t e n d  and r e s e t  v a l v e  i n -  
h i b i t  commands 

S-IC checkout  v a l v e s  t o  s t a g e  r e t u r n  
p o s i t  i o n  command 

Guidance r e f e r e n c e  a l e r t  command 
S - I C  LO2 i n t e r c o n n e c t  v a l v e s  c l o s e  

Guidance r e f e r e n c e  r e l e a s e  command 
S-IC, S-11, and S-IVB r e c e i v e r  PD 

S/A # 2  r e t r a c t  command 
S-IC i g n i t i o n  command, 

i z a t i o n  sequence  s t a r t  p l u s  15 s e c s .  

sequence  s ta r t  

S-IVB and I U )  

on command 

v a l v e  open d i s a b l e  command 

p o s i t i o n  command 

command 

b l o c k e d  " o f f "  command 

' b  



BELLCOMM. I N C .  

T-TIME ( h r s : m i n : s e c )  

T-0 : 00 : 0 8.8 
~ - 0 : 0 0 : 0 8 . 7  
T-0:00:06.7 
T-0 : 00 : 06.6 
~ - 0 : 0 0 : 0 6 . 2 5  
T-0 : 00 : 05.94 
T-0:00:05.83 
T-0 : 0 0  : 05.78 
T-0 : 00 : 0 5  

T-0 : 0 0 : 0 4 . 1  

T-0: 0 0 :  00.05 

T-0: 00  : 00 

TtO:00:00.4 

T t O  :00 :01 .4  
T t O  : 00 :  06 
T+O: 00 : 08  

? t o  : 00:  o g  
T t O :  00  :10 
T+O : 0 0 :  11 
TtO : O O :  1 4 . 4  
T+0:00:29.4 
TtO:00:30.4 
TtO:01:16.5 

- T-3-12 - 

EVENT 

S-IC i g n i t e r  bank N,. 1 s ta r t  command 
S-IC i g n i t e r  bank No. 2 s t a r t  command 
Check S-IC l i n k s  burned command 
S t a r t  e n g i n e  1 0 5  command 
S t a r t  e n g i n e  1 0 3  command 
S t a r t  e n g i n e  104 command 
S t a r t  e n g i n e  1 0 1  command 
S t a r t  e n g i n e  102 command 
De-energize S-IC e n g i n e  s t a r t  s o l e n o i d s  

S-IC f u e l  a u x i l i a r y  p r e p r e s s u r i z a t i o n  

T h r u s t  check command ( a l l  c u t o f f s  

command 

command 

i n h i b i t e d  e x c e p t  manual and l i f t - o f f  
f a i l u r e  ) 

Commit command (holddown arms release,  
arm l i f t - o f f  s w i t c h e s )  

L i f t - o f f  s w i t c h e s  a c t i v a t e  a t  z1.5 
i n c h e s  motion ( u m b i l i c a l  c a r r i e r s  
d i s c o n n e c t  and S/A's 4 ,  5 ,  6 ,  7 ,  
and 8 r e t r a c t )  

u m b i l i c a l  d i s c o n n e c t  t i m e  (Tg-1 )  

i n c h e s  mot ion  

P l u s  count  i s  r e f e r e n c e d  t o  I U  

T a i l  s e r v i c e  masts r e t r a c t  a t  ~3 

I n i t i a t e  t ower  c l e a r a n c e  yaw maneuver 
L i f t - o f f  f a i l u r e  c u t o f f  command 
Manual c u t o f f  i n i t i a t i o n  i f  no  

Tower c l e a r a n c e  yaw maneuver t e r m i n a t i o n  
Clear tower  
P i t c h  and r o l l  program i n i t i a t i o n  
M u l t i p l e  e n g i n e  c u t o f f  e n a b l e  
R o l l  program t e r m i n a t i o n  
EDS c u t o f f  e n a b l e  
Maximum dynamic p r e s s u r e  

l i f t - o f f  



BELLCOMM, I N C .  

T-TIME ( h r s : m i n : s e c )  

TtO: 02 :04.9 

Tt0:02:05.3 
TtO :02: 05.5 

Tt0:02:05.6 
~t0:02:06.2 

 to: 02 ~21.5 
Tt0:02:06.6 

T+0:02:21.7 
T+0 : 02 : 21.9 
Tt0:02:24.9 
T+0:02:25.1 
TtO: 02:27 
TtO: 02: 31.1 
Tt0:02:31.6 
TtO :02: 31.7 

TtO: 02 :31.8 

Tt0:02:32.5 
T+0:02:33.4 
TtO: 02: 36 
TtO: 02: 55.8 
TtO:03:01.8 
Tt0:03:07.3 
TtO: 03: 12 

Tt0:08:02.3 
Tt0:08:02.5 
~t0:08:06.2 

- T-3-13 - 

EVENT 

S-IC two e n g i n e s  o u t  a u t o - a b o r t  

Excess r a t e  a u t o - a b o r t ,  i n h i b i t  
Two a d j a c e n t  ou tboa rd  e n g i n e s  ou t  

S-IC c e n t e r  e n g i n e  c u t o f f  (TB-2) 
Auto a b o r t  e n a b l e  r e l a y s  reset  
Excess  r a t e  (roll) a u t o  a b o r t  i n h i b i t  
S-I1 ordnance  arm 
S e p a r a t i o n  and r e t r o  no.  1 EBW arm 
S e p a r a t i o n  and r e t r o  no.  2 EBW arm 
S e p a r a t i o n  camera on 
Outboard e n g i n e s  c u t o f f  e n a b l e  
Begin t i l t  arrest  
S-IC ou tboa rd  e n g i n e s  c u t o f f  (TB-3) 
S-I1 u l l a g e  r o c k e t s  i g n i t i o n  
S-IC r e t r o r o c k e t s  i g n i t i o n  
S-IC/S-I1 s e p a r a t i o n  ordnance  i g n i t i o n  
S-IC/S-I1 s e p a r a t i o n *  
S-I1 LH2 p r e v a l v e s  open 

S-I1 eng ine  s tar t  sequence  i n i t i a t e d  
S-I1 eng ine  i g n i t i o n  
S-I1 u l l a g e  r o c k e t s  c u t o f f  
S-IC camera j e t t i s o n  
S-I1 second p l a n e  s e p a r a t i o n  
LES j e t  t i son 
End tilt  a r r e s t - - b e g i n  i t e r a t i v e  

S-IVB u l l a g e  EBW arm 
S-II/S-IVB ordnance arm 
S-I1 LO2 d e p l e t i o n  s e n s o r s  arm 

i n h i b i t  

c u t o f f  e n a b l e  

gu idance  

*See n o t e s  a t  back of t h i s  t a b l e  f o r  end c o n d i t i o n s  
( a l t i t u d e  and v e l o c i t y ) .  



BELLCOMM. INC. - T-3-14 - 

T-TIME ( h r s : m i n : s e c )  

T+0:08:06.4 

T+0:08:40.2 
T+0:08:40.4 
T+0:08:40.9 
T+O : 08 : 41 

T+0:08:41.2 

T+O : 08: 44.1 
T+0:08:46.6 
T+0:08:48.7 
T+O : 08: 50 
T+O : 08 : 53 
T+O: 11:21.5 
T+O:ll:21.6 
T+O : 11: 21.8 
T+0:11:26.5 
T+O:ll:31.6 

T+O : 11: 42 
T+O: 12: 48.5 
T+02:41:03.1 

T+02:41:03.4 
Tt02:41:44.4 

T+02 : 41 : 51.2 

T+02:41:51.4 

T+02 : 45 :22.1 

EVENT 

S-I1 LH2 d e p l e t i o n  s e n s o r s  arm 

S-I1 e n g i n e s  c u t o f f  (TB-4) 
S-IVB LO2 and LH2 p r e v a l v e s  open 
S-IVB u l l a g e  r o c k e t s  i g n i t i o n  
S-I1 r e t r o r o c k e t s  i g n i t i o n  
S-II/S-IVB s e p a r a t i o n  ordnance  

S-II/S-IVB s e p a r a t i o n *  
S-IVB e n g i n e  s ta r t  sequence  

S-IVB eng ine  i g n i t i o n  
S-IVB @go% t h r u s t  
S-IVB u l l a g e  r o c k e t s  c u t  o f f  
S-IVB u l l a g e  j e t t i s o n  EBW arm 
S-IVB u l l a g e  r o c k e t s  j e t t i s o n  

(TB-5) 
S-IVB eng ine  c u t o f f "  
S-IVB APS u l l a g e  e n g i n e s  i g n i t i o n  
SC c o n t r o l  o f  LV e n a b l e  
E a r t h  p a r k i n g  o r b i t  i n s e r t i o n  

Begin o r b i t a l  gu idance  
S-IVB APS u l l a g e  e n g i n e s  c u t o f f  

i g n i t i o n  

i n i t i a t e d  

(100x100) 

Begin S-IVB r e s t a r t  p r e p a r a t i o n s  
(TB-6) 

SC c o n t r o l  o f  LV d i s a b l e  

S t a r t  H2/02 b u r n e r  sequence  

S-IVB LH2 t a n k  r e p r e s s u r i z a t i o n  c o n t r o l  

S-IVB LO2 t a n k  r e p r e s s u r i z a t i o n  c o n t r o l  

S-IVB LO2 and LH2 p r e v a l v e s  c l o s e  

v a l v e  open 

v a l v e  open 

*See n o t e s  a t  back  of t h i s  t a b l e  f o r  end c o n d i t i k s .  
( a l t i t u d e  and v e l o c i t y ) .  



BELLCOMM, INC.  - T-3-15 - 

T-TIME ( h r s : m i n : s e c )  

T+02:49:19.4 
T+02 : 49 : 1 9 . 7  

T+02:49:19.8 

T+02: 49 : 1 9 . 9  

T+02:50:22.5 

T t 0 2 :  50: 3 3 . 1  

T+02:50:36 
T+02:50:36.1 
T+02: 50:38.5 
Tt02:55:55 .2  
T+02:55:57.4 
Tt02:55:57 .5  
T+02:56:02.4 
T+03:20:33 
T+03:22:23 
Tt03:35:33 
T+05:07:47.4 
T+05:07:57.4 
T+05:07:57.6 
T+05:08:27.4 
T+05 : 1 0  : 5 7 . 4  
T+05: 1 2  : 2 7 . 4  
T+05 : 1 2  : 5 7 . 6  

T+05:  12:57.8 
Tt05:13:05 .2  
~ + 0 6 : 0 6 : 2 5 . 2  
Tt06:06:25 .4  
T+06:11:07.4 

EVENT 

S-IVB APS u l l a g e  e n g i n e s  i g n i t i o n  
S-IVB LO2 t a n k  r e p r e s s u r i z a t i o n  c o n t r o l  

S-IVB LH2 t a n k  r e p r e s s u r i z a t i o n  c o n t r o l  

H 2 / 0 2  b u r n e r  shutdown 

S-IVB LO2 and LH2 p r e v a l v e s  open 

S-IVB e n g i n e  restart  sequence  i n i t i a t e  

S-IVB eng ine  i g n i t i o n  
S-IVB APS u l l a g e  e n g i n e s  c u t o f f  
S-IVB @ 90% t h r u s t  
S-IVB p o i n t  l e v e l  s e n s o r  arming 

S-IVB eng ine  c u t o f f  (TLI bu rn  c u t o f f )  
SC c o n t r o l  of LV e n a b l e  
SC separat ion/SLA p a n e l  j e t t i s o n  
I n i t i a t e  s t a t i o n  keep ing  
I n i t i a t e  e v a s i v e  maneuver 
S-IVB p a s s i v a t i o n  e n a b l e  
I n i t i a t e  LO2 dump 
I n i t i a t e  e n g i n e  c o n t r o l  b o t t l e  vent  
I n i t i a t e  s t a r t  b o t t l e  v e n t  
Termina te  s t a r t  b o t t l e  v e n t  
I n i t i a t e  s t a g e  c o n t r o l  s p h e r e  v e n t  
Termina te  LO2 dump 

Terminate  e n g i n e  c o n t r o l  b o t t l e  v e n t  
I n i t i a t e  r e p r e s s u r i z a t i o n  s y s t e m  v e n t  
Termina te  r e p r e s s u r i z a t i o n  s y s t e m  ven t  
I n i t i a t e  e n g i n e  c o n t r o l  b o t t l e  v e n t  
Termina te  s t a g e  c o n t r o l  s p h e r e  vent  

va lve  c l o s e  

va lve  c l o s e  

( T L I  burn  ) 

(TB-7)  



BELLCOMM. I N C .  

T-TIME ( h r s : m i n : s e c )  

T+06: 11: 25.4 
Tt06:11:26 .4  
Tt09:00:00 
~ t 2 8 :  00:  00 

~ t 6 1 : 0 0 : 0 0  

Tt47:00:00  

T t 6 9 : 0 7 : 2 9 . 2  
T+69:11:35 
T t 7 3 :  30 5 2 . 8  
T+73:31:02.5 
T+88:09:00 

- T-3-16 - 

EVENT 

Terminat  e eng ine  c o n t r o l  b o t t l e  v e n t  
S- IVB p a s s i v a t i o n  d i s a b l e  
P o t e n t i a l  midcourse  c o r r e c t i o n  1 

P o t e n t i a l  midcourse  c o r r e c t i o n  2 
P o t e n t i a l  midcourse c o r r e c t i o n  3 
P o t e n t i a l  midcourse  c o r r e c t i o n  4 
I n i t i a t e  LO1 bu rn  
L O 1  burn  t e r m i n a t i o n  ( 6 0  x 1 7 0 )  

I n i t i a t e  LO1 ( 2 )  b u r n  ( c i r c u l a r i z a t i o n )  
L O 1  ( 2 )  burn  t e r m i n a t i o n  ( 6 0  x 6 0 )  

MERRY CHRISTMAS 

NOTE: The fo l lowing  pages  c o n t a i n  t h e  
nominal  t i m e l i n e s  f o r  57 and 82 hour  
t r a n s e a r t h  r e t u r n s ,  r e s p e c t i v e l y .  



BELLCOMM, I N C .  - T-3-17 - 

NOTE: The f o l l o w i n g  t ime l ines  are r e p r e s e n t a t i v e  f o r  t h e  5 7  hour  
t r a n s e a r t h  r e t u r n .  (see next  page for 82 hour  t r a n s e a r t h  r e t u r n ) .  

T-TIME ( h r s : m i n : s e c )  

T + 8 9 : 1 5 : 0 6 . 6  
T+89 : 18:  31  
T+97:  00 : 00 

T + 1 1 9 : 0 0 : 0 0  
T + 1 4 4 : 4 8 : 0 0  
T t 1 4 6 : 4 8 : 0 0  
T + 1 4 6 : 4 8 : 2 7 . 3  
T+146 :  5 1 9 8 . 3  
T + 1 4 6 : 5 6 : 2 3 . 3  
T + 1 4 6 : 5 6 : 2 3 . 7  
T + 1 4 6 : 5 6 : 2 5 . 3  
T + 1 4 6 : 5 7 : 1 6 . 3  

T + 1 4 6 : 5 7 : 1 7 . 3  
T + 1 4 7 : 0 1 :  4 6 . 6  

I n i t i a t e  T E I  bu rn  
T E I  burn  t e r m i n a t i o n  
P o t e n t i a l  midcourse  c o r r e c t i o n  1 
P o t e n t i a l  midcourse  c o r r e c t i o n  2 
P o t e n t i a l  miacour se  c o r r e c t i o n  3 
SC r e - e n t r y  (400K f t .  1 
E n t e r  S-band b l a c k o u t  
E x i t  S-band b l a c k o u t  
Baro-switch (23.3K f t .  ) 

Apex cove r  j e t t i s o n  
Drogue c h u t e s  deploy  
Baro-switch ( 1 0 . 5 K  f t . )  
Release drogue c h u t e s  
Main p i l o t  c h u t e s  deploy  
Splashdown 
Main c h u t e s  release 



BELLCOMM. INC. 

NOTE: The f o l l o w i n g  t i m e l i n e s  are r e p r e s e n t a t i v e  f o r  t h e  
82 h o u r  t r a n s e a r t h  r e t u r n .  

T-TIME ( h r s : m i n : s e c )  

T+89:04:0l.g 
T+89 : 06  : 53.2 
T+104:00:00 
T+113:00:00 
T+147:00:00 
T+169:00:00 
T+171:05:31.7 
T+171:05:59 
T+171:09:00 
T+17 1 : 13 : 5 5 
T+171: 13: 55.4 
T+ 17 1 : 13 : 5 7 
T+171: 14 : 48 

T+171: 14: 49 
T+171: 19: 18.3 

EVENT 

I n i t i a t e  T E I  burn  
TEI burn  t e r m i n a t i o n  
P o t e n t i a l  midcourse  c o r r e c t i o n  1 
P o t e n t i a l  midcourse c o r r e c t i o n  2 
P o t e n t i a l  midcourse  c o r r e c t i o n  3 
P o t e n t i a l  midcourse c o r r e c t i o n  4 
S C  r e - e n t r y  (400K f t . )  

E n t e r  S-band b l a c k o u t  
E x i t  S-band b l a c k o u t  
Baro-switch (23.3K f t . )  

Apex c o v e r  j e t t i s o n  
Drogue c h u t e s  deploy  
Baro-switch (10.5K f t . )  
Release drogue  c h u t e s  
Main p i l o t  c h u t e s  deploy  
Splashdown 
Main c h u t e s  release 



BELLCOMM, INC. 

NOTES OF INTEREST 

- T-3-19 - 

1. 

2 .  

3. 

4. 

5. 

Should t h e  c i r c u m l u n a r  m i s s i o n  be  implemented,  t h e  
p e r i c y n t h i o n  would occur  a t  T t 6 9 : 0 9 : 2 9 . 4  and SC re- 
e n t r y  (400K f t . )  would o c c u r  a t  T t 1 3 6 : 2 5 : 1 8 . 2 .  
T i m e s  f o r  e v e n t s  subsequent  t o  r e - e n t r y  can r e a d i l y  
be f i g u r e d  by u s i n g  t h e  same r e s p e c t i v e  d e l t a  times 
from r e - e n t r y  a f t e r  a l u n a r  o r b i t a l  m i s s i o n .  

TB-5 s t a r t  t i m e  w i l l  vary as much as 3.5 seconds  
w i t h  l aunch  az imuth .  

TB-6 and TB-7 s t a r t  t i m e s  w i l l  v a ry  as much as 3 5  
minutes  w i t h  l aunch  azimuth and l aunch  date  assuming 
T L I  o c c u r s  a t  t h e  f irst  o p p o r t u n i t y . *  An a d d i t i o n a l  
p o s s i b l e  v a r i a n c e  of 8 8  minu tes  i s  p o s s i b l e  for a 
second o p p o r t u n i t y * *  T L I .  

Dec i s ion  p o i n t s  have been s e l e c t e d  a t  t imes p r i o r  t o  
c r i t i c a l  e v e n t s  which ( i f  per formed)  commit t h e  v e h i c l e  
t o  a n o t h e r  phase  i n  t h e  "open-ended" Apol lo  8 m i s s i o n .  
Some of  t h e  d e c i s i o n  p o i n t s  s e l e c t e d  a re :  

a. go f o r  EPO i f  p e r i g e e  > 7 5  n.m. 

b .  go f o r  T L I  d u r i n g  f i r s t  r e v o l u t i o n  i n  EPO 

c .  T L I  t 1 0 ,  2 5 ,  and 9 0  minu tes  

d .  T L I  +4, 5 ,  6 ,  and 25  h o u r s ,  r e s p e c t i v e l y  

e .  LOI-22 ,  8 ,  and 1 hours  r e s p e c t i v e l y  

f .  L O I ( 2 ) - 1  hour 

g .  T E I - 1  h o u r  

P r e d i c t e d  end c o n d i t i o n s :  

ALTITUDE VELOCITY 

@ S-IC/S-I1 s e p a r a t i o n  3 6 . 5  n.m. 8 , 8 9 7  f p s ,  2 7 1 2  mps 

@ S - I I / S - I V B  s e p a r a t i o n  1 0 6  n.m. 2 2 , 3 7 8  f p s ,  6 8 2 1  mps 

@ S-IVB f i rs t  c u t o f f  103  n.m. 2 5 , 5 6 0  f p s ,  7 7 9 1  mps 

@ S-IVB second c u t o f f  1 8 6  n.m. 3 5 , 5 1 9  f p s ,  10826 mps 

* f i r s t  o p p o r t u n i t y  - TLI  d u r i n g  2nd ear th  o r b i t  

**second o p p o r t u n i t y  - T L I  d u r i n g  3 r d  ear th  o r b i t  
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I BELLCOMM. I N C .  
From: G .  J .  McPherson Jr. S u b j e c t :  AS-503/CSM 1 0 3  (Apollo 8 )  

Launch P r e p a r a t i o n s  , Launch 
Countdown , and F l i g h t  Sequence 
o f  Events  - Case 320 

D i s t r i b u t i o n  L i s t  

NASA Headquar te rs  

R .  0 .  A l l e r / M A O  
P .  J .  Bayer/MAO 
L .  E .  Day/MAT 
G .  H .  Hage/MA-A 
J .  K .  Holcomb/MAO 
T .  A .  Keegan/MA-2 
E .  W .  Land J r . / M A O  
C .  M .  Lee/MA 
C .  W .  McGuire/MY 
T .  H .  McMullen/MA 
R .  C .  Ruhle/MAO 
A .  L .  Ryan/MLR 
R .  B. Sheridan/MAO 
J .  B. Skaggs/MAP 
J .  D .  Stevenson/MO 
F .  E .  Stout/MAO 
R .  C .  Turgeon/MAO 
W .  M .  Wallace/MAO 
G .  C .  White/MAR 

Bellcomm, I n c .  

C .  Bidgood 
A .  P .  Boysen Jr. 
D .  A .  Chisholm 
D .  R .  Hagner 
J .  J .  Hibbe r t  
B .  T.  Howard 
J .  E .  Johnson 
H .  Kraus 
J .  Z .  Menard 
A .  C .  Merr i t t  
D .  A .  M i l l s  
V .  S. Mummert 
J .  T .  Ra le igh  
P .  E .  Reynold? 
I.  M .  Ross 
R .  V.  Spe r ry  
W .  S t r a c k  
J .  W .  Timko 
G .  B. T rousso f f  
R .  L .  Wagner 
C e n t r a l  F i l e s  
Department 1 0 2 4  F i l e  
Department 20 3 1 
Department 20  3 2  
Department 2 0 3 3  
L i b r a r y  



B E L L C O M M ,  INC. 
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D.C. 20024 

SUBJECT: Up-date o f  Memo - DATE: December 1 2 ,  1968 
AS-503/CSM 1 0 3  (Apo l lo  8 )  
Launch P r e p a r a t i o n s ,  Launch FROM: G .  J .  McPherson J r .  
Countdown, and  F l i g h t  Sequence 
o f  Even t s  - Case 320 

Make t h e  f o l l o w i n g  changes t o  t h e  r e f e r e n c e d  memo: 

TABLE 3 :  

Add new i t e m  a t  
Add new i t e m  a t  
Add new i t e m  a t  

- 
- 
- 

Add new i tem a t  
Add new item a t  
- 
- 

Add new i t e m  a t  
- Was T-0:00:17.2,  
- 

Was ~ - 0 : 0 0 : 1 6 . 7 ,  

Was T + 0 2 : 5 0 : 3 3 . 1  - 

T-81: 00: 0 0  

T-63: 00: 0 0  
T-47:00:00 

T-42 : 00: 00  
T- 4 1  : 1 5  : 00  

T-28 : 00  : 00 
now T-00: 0 0 :  17 - 
now T-00:00:16.2 
now T + O 2 : 5 0 : 3 1 . 2  

Was T + 0 2 : 5 5 : 5 5 . 2 ,  now T+02:55:40.4 

Was T+02:55:57.4,  now T + 0 2 : 5 5 : 4 2 . 6  
Was T + 0 2 : 5 5 : 5 7 . 5 ,  now T+02:55:42.7 

- - 
- - 

6-hour b u i l t - i n  h o l d  
5-hour b u i l t - i n  h o l d  
T r a n s p o r t  LH2 dewar 

6-hour b u i l t  i n  h o l d  
t o  pad 

LH2 dewar c o n n e c t i o n  
c omp l e t  e 

6-hour b u i l t - i n  h o l d  
Guidance r e f e r e n c e  

r e l ease  command 
S/A #2 r e t r a c t  command 
S-IVB e n g i n e  r e s t a r t  

sequence  i n i t i a t e  
( T L I  b u r n )  

S-IVB p o i n t  l e v e l  

( 7 3 - 7 )  
s e n s o r  arming 

S- IVB e n g i n e  c u t o f f  
( T L I  bu rn  c u t o f f )  



B E L L C O M M ,  INC. 

FIGURE 3: 

r e a d  a s  
Rev i se  t h e  
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1405  

times 

G: J .  McPherson Jr. 
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BELLCOMM, INC. 

S u b j e c t :  Up-date o f  Memo - From: G .  J .  McPherson Jr. AS-503/CSM 1 0 3  (Apollo 8 )  
Launch P r e p a r a t i o n s ,  Launch 
Countdown, and F l i g h t  Sequence 
o f  Events  - Case 320 

D i s t r i b u t i o n  L i s t  

NASA Headquar t e r s  

R .  0 .  A l l e . r / M A O  
P .  J .  Bayer/MAO 
L.  E .  Day/MAT 
G .  H.  Hage/MA-A 
J .  K .  Holcomb/MAO 
T.  A .  Keegan/MA-2 
E .  W .  Land J r . / M A O  
C .  M .  Lee/MA 
C .  W .  McGuire/MY 
T .  H .  McMullen/MA 
S.  C .  Phil l ips/MA 
R .  C .  Ruhle/MAO 
A .  L .  Ryan/MLR 
R .  B. Sheridan/MAO 
J.  B. Skaggs/MAP 
J .  D .  Stevenson/MO 
F. E.  Stout/MAO 
R .  C .  Turgeon/MAO 
W .  M.  Wallace/MAO 
G .  C .  White/MAR 

Bellcomm, I n c .  

C .  Bidgood 
A .  P .  Boysen Jr .  
D .  A .  Chisholm 
D.  R .  Hagner 
J .  J .  H i b b e r t  
B.  T .  Howard 
J .  E .  Johnson 
H .  Kraus 
J .  Z .  Menard 
A .  C .  Mer r i t t  
D .  A .  M i l l s  
V. S .  Mummert 
J .  T.  R a l e i g h  
P .  E .  Reynolds 
I .  M .  Ross 
R .  V. S p e r r y  
W .  S t r a c k  
J .  W .  Timko 
G .  B. T r o u s s o f f  
R .  L .  Wagner 
C e n t r a l  F i l e s  
Department 1 0 2 4  F i l e  
Department 2 0 3 1  
Department 2032 
Department 2033 
L i b r a r y  


